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Abstract 
The fact that laser diodes are by nature a key component of all optoelectronic systems induced during ten last years a 
particularly great research effort is devoted to this component. Corresponding works cover a broad field of study of 
the physical properties of materials up to the analysis of the whole of the mechanisms governing the device operation. 
The aim of the present work is to contribute by a comparison of lasers diode containing quaternary alloy for different 
wavelength for a structure hetero-junction and double hetero-junction. We chose for our study the following alloys: 
Ga0,65In0, 35As0,15Sb0,85, Ga0,60In0,40As0,02Sb0,98 and Ga0,46In0,54As0,48Sb0,52. The characteristics on which we focused our 
study is the analysis of this structure and the comparison summarizes the maximum gain and the minimal density of 
current.  
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1. Introduction 
 
During the last five years, the study of semiconductor laser diodes has been the object of an increasing 
number of research works, which were translated by the design of new structures and the development of 
new technological processes. [1]. Enormous progress was achieved as a consequence as regards to the 
performance of these devices: low threshold current densities, low lateral dimension to operate in 
continuous or single mode and high frequency modulation. It is expected that these developments will 
continue to rely on the hetero-junction and double hetero-junction laser diode [2].  
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Our study is based on the simulation of a hetero-junction GaxIn1-xAsySb1-y /AlGaAsSb laser diode for a 
range of compositions x and y given, this analysis will focus on key parameters such as: optical gain and 
threshold current. These parameters represent the basic elements that must be optimized to produce a high 
performance laser diode and are also important elements in the comparison of three materials-based 
heterojunction. 
 
2. Intrinsic and extrinsic parameters 
 
The operating characteristics of a laser device are related to its intrinsic and extrinsic parameters [3]. 
Hence, the optimization is an essential step in the design of a laser diode. The goal of optimization is to 
have a minimum threshold current with a maximum gain for a given wavelength, for example λ = 2-3μm 
for the simulated material. So we define some intrinsic and extrinsic parameters necessary to be 
optimized [4]. The different parameters used for calculation and simulations are gathered in the following 
table: 
Table1. The parameters of the alloys studied in this paper [4, 5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
parameters    Ga0.65In0.35As0.15sb0.85    Ga0.60In0.40As0.02sb0.98     Ga0.46In0.54As0.48sb0.52 
                 Nc (1017cm-3)               1.499                            1.499                               1.708 
                 Nv (1018cm-3)              12.93                             13.10                                9.646 
                 nseuil (1018cm-3)             0.6                                 0.55                                   0.5 
                 Mc/m0 (eV)                  0.033                              0.03                                 0.036 
                 Mlh/m0 (eV)                 0.042                             0.037                                0.041 
                 Mhh/m0 (eV)                0.637                             0.644                                0.522 
                 Mv/m0 (eV)                  0.644                             0.65                                  0.53 
 Mr/m0 (eV)                  0.032                            0.029                                 0.033 
                  Eg (eV)                        0.54                              0.45                                  0.42 
                  λ (10-6 m)                     2.3                                 2.7                                      3 
                  Nop                               3.68                               3.67                                   3.6 
  Xcv (10-9)                    1.402                             1.649                                1.785 
 Ki                                                     0.46                                0.43                                  0.41 
   D                                  3258                              3318                                  4331 
                 WR (ns)                          0.827                             0.980                                 1.07 
  trad (ns)                         10.34                               11.3                                12.64 
    CAUG (cm-4s-1)                      5.5×10-28                                  5.5×10-28                                         5,5×10-28 
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3. Hetero-junction laser diodes 
3.1.1. Evolution of the transparency threshold with temperature 
 
 
   
Fig.1.Evolution of the transparency threshold given by (Efc-Efv)-Eg according to the non-equilibrium carrier density 
for different temperatures and for the three materials. 
 
We will present in what follows the effect of temperature on the threshold density for the three materials: 
Ga0.46In0.54As0.48sb0.52, Ga0.60In0.40As0.02sb0.98 and Ga0.46In0.54As0.48sb0.52. The curves plotted in figures 
above show how changing the quantity (Efc-Efv)-Eg, which corresponds to the limit of a transparent 
material versus the carrier density. This allows us to deduce the transparency density from which the 
material begins to amplify the photons whose energy satisfies the condition of Bernard-Durrafourg. The 
values of transparency for different densities and temperatures for the three materials are given in Figure 
1. We summarize these results in the table below. Transparency density found will be further used in the 
analysis of materials. 
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Table 2. Summary Table of threshold densities obtained in the three materials for different temperatures. 
 
                       T°(K) 
                       Transparency                           Ga0.65In0.35As0.15sb0.85       Ga0.60In0.40As0.02sb0.98     Ga0.46In0.54As0.48sb0.52 
                             (cm-3) 
 
      T (100K)                                       1.5.1017                       1.1017                       0.5.1017 
      T (200K)                                       3.5.1017                       3.1017                       2.5.1017 
      T (300K)                                        6.1017                         5.5.1017                    5.1017 
 
3.1.2. Evolution of the gain as a function of photon energy and injection density 
We will now study an important parameter that characterizes the laser diode: the optical gain. This study 
is made, on the one hand, compared to the variation of the carrier density, on the other hand, compared to 
the photon energy. We chose the range of variation of the energy gap based on the material since it is 
known that the material cannot amplify the energy that do not verify the condition of transparency. The 
values of densities are chosen from results obtained previously. The following graphs reflect the evolution 
of the obtained gain. 
    
  
Fig.2.Evolution of the gain as a function of photon energy for different injection densities in three materials: 
Ga0.65In0.35As0.15Sb0.85, Ga0.60In0.40As0.02Sb0.98 and Ga0.46In0.54As0.48Sb0.52. 
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The three set of curves given above, inform us about the evolution of the gain as a function of the carrier 
density in the range of the gap variation. We note that as the non-equilibrium carrier density is further 
away from the transparency threshold the more the gain curve is large. We also have a linear increase of 
the maximum gain with the carrier density. 
 
3.1.3. Evolution of the gain as a function of the injection density 
 
 
 
 
Fig.3. Evolution of the gain as a function of the carrier density in the three materials: Ga0.65In0.35As0.15Sb0.85,   
Ga0.60In0.40As0.02Sb0.98 and Ga0.46In0.54As0.48Sb0.52. 
 
The curves in Figure 3 show the evolution of carrier density at room temperature and for different 
temperatures. The gain varies linearly with the carrier density. It is inversely proportional to temperature 
and shows maximum values for low temperatures. The table below summarizes the gain difference 
observed on the curves above for a definite carrier density n=1.25.1018cm-3. 
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Table 3.Valeurs of the gain for a fixed carrier density in the three materials and for ambient temperatures. 
 
                  T(K) 
      Material                           Gain calculated with  n=1.25.1018cm-3  for T=300 K 
   Ga0.60In0.40As0.02sb0.98                                                                             431.187 
     
 Ga0.65In0.35As0.15sb0.85                                                                              326.243 
                               Ga0.46In0.54As0.48sb0.52                                                                              651.045 
 
3.1.4. Evolution of maximum gain as a function of pumping current 
Before that we varied the threshold current as a function of the thickness of the cavity and we observed 
that the current increases linearly with the thickness of the cavity, this value remains constant during our 
work d = 10-7 m. Since the material becomes transparent to an injection density greater than Ntransp. We 
notice from Figure 4 that the maximum gain increases linearly with the pumping current. The table below 
gives the maximum gain of three materials Ga0.65In0.35As0.15Sb0.85, Ga0.60In0.40As0.02Sb0.98 and 
Ga0.46In0.54As0.48Sb0.52 as a function of pumping current. 
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Fig.4.Evolution of maximum gain as a function of pumping current in three materials: Ga0.65In0.35As0.15Sb0.85, 
Ga0.60In0.40As0.02Sb0.98 and Ga0.46In0.54As0.48Sb0.52. 
 
 
Table 4. Comparative table of values of the gain as a function of pumping current in three different materials. 
     
    Material                 Ga0.65In0.35As0.15sb0.85      Ga0.60In0.40As0.02sb0.98          Ga0.46In0.54As0.48sb0.52 
 
 
                            Pumping current                  210.81                                167.245                               173.3 
                                  (A/cm2) 
                               Gain (cm-1)                        355.42                                422.24                                651.04 
 
 
3.1.5. Comparison of three systems based hetero-junction 
 
From the table below, we can deduce that the optimum material for hetero-junction is the 
Ga0,46In0,54As0,48Sb0,52, this choice is justified for two main reasons: 
 
 
 a minimum current of about Jtransp = 173.3 A/cm2. 
 a relatively high gain G = 651.04 cm-1. 
 
Since our target is to satisfy both of the conditions above. We can say that the quaternary presents a very 
wide range of wavelengths by varying both stoichiometry coefficients (x, y). The variation of these two 
parameters changes the energy gap as well as other intrinsic and extrinsic parameters, which means that 
the wavelength decreases. A lower transparency current can be obtained since there is a relationship 
between this current and the carrier lifetime. While the performance is inversely proportional to the 
transparency current. 
 
Table 5.Values of gain and transparency current for the three materials. 
 
  Material                 Ga0.65In0.35As0.15sb0.85              Ga0.60In0.40As0.02sb0.98        Ga0.46In0.54As0.48sb0.52 
                                for  Jpom=420.5A/cm2           for  Jpom=380.1A/cm2           for Jpom=433.3A/cm2 
                                                            N1=1.25.10
18 cm-3                 N1=1.25.1018 cm-3            N1=1.25.1018 cm-3  
   Gain max                          380.1                                      420.5                                 651.04 
                           (cm-1)                          
    Material                Ga0.65In0.35As0.15sb0.85               Ga0.60In0.40As0.02sb0.98         Ga0.46In0.54As0.48sb0.52 
                                                            for d=0.1μ m                        for d=0.1 μm                        for d=0.1 μm                 
      Ndop=1018 cm-3                       Ndop=1018 cm-3                     Ndop=1018 cm-3 
Threshold current               210.81                                   167.245                                  173.3 
                             (A/cm2) 
 
 
3.2. Double hetero-junction laser diodes 
3.2.1. Evolution of the confinement factor with the thickness of the cavity for the three systems 
 
We can see from the curves below that the confinement factor increases with increasing the cavity 
thickness of the three materials: Ga0.65In0.35As0.15Sb0.85, Ga0.60In0.40As0.02Sb0.98 and Ga0.46In0.54As0.48Sb0.52. 
The more the cavity thickness increases more the confinement factor increases until total saturation for 
the three materials. 
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Fig.5.The variation of confinement factor depending on the thickness of the cavity for the three materials. 
 
Table (6) gives the calculated values of various parameters used in our study for the three materials. 
 
 
 
 
Table 6. Values of the index of refraction N, the confinement factor Γ, internal loss αp, the reflectance R and the intrinsic loss αm of 
the three systems. 
                      
    Material           Ga0.65In0.35As0.15sb0.85       Ga0.60In0.40As0.02sb0.98    Ga0.46In0.54As0.48sb0.52 
 
       N1                                                          3.68                                 3.67                              3.6              
                               Γ                                      0.998                               0.998                            0.994    
                               αp (cm-1)                           0.10                                 0.15                              0.28 
                               R                                       0.32                                 0.32                              0.32 
                               αm  (cm-1)                          22.29                               22.29                            22.82 
 
 
Before that we made the changes in threshold current as a function of the thickness of the cavity and we 
noticed that the current remains constant for a value of the cavity thickness d = 8.10-7m. This value 
remains constant for the rest of work. 
 
3.2.2. Evolution of maximum gain as a function of pumping current 
 
Figure (6) shows the evolution of maximum gain as a function of pumping current for the three materials. 
As the current J passing through the diode is important, more the carrier density n is raised, more the 
quasi-Fermi levels penetrate into bands and the gain curve widens. Figures (6-a, b and c) and tables (7-a, 
b, c and 8) give the maximum gain of three materials Ga0.65In0.35As0.15Sb0.85, Ga0.60In0.40As0.02Sb0.98  and  
Ga0.46In0.54As0.48Sb0.52 according to pumping current. 
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Table 7a. The values of maximum gain and pumping current for Ga0.65In0.35As0.15Sb0.85/AlGaAsSb. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6a. Evolution of gain as a function of pumping current for Ga0.65In0.35As0.15Sb0.85/AlGaAsSb. 
 
 
Table 7b. The values of maximum gain and pumping current for Ga0.60In0.40As0.02Sb0.98 /AlGaAsSb. 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Jpom (A)                 Gain max 
                                     (cm-1) 
 40.645                         0.000 
 44.709                         325.8                                     
48.774                          651.6      
52.838                          977.4 
73.161                          2606 
77.225                          2932 
 84.09                           3483 
93.483                          4235 
97.547                          4561 
101.612                        4887 
 
    Jpom (A)              Gain max 
                                     (cm-1) 
     39,207                     0.000 
     43,128                     331,7 
     47,048                     663,4 
     50,969                     995,1 
     70,572                     2654 
     74,493                     2985 
      82.32                      3647 
      90,176                    4312 
      94,097                    4644 
      98,017                    4975 
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Fig.6b. Evolution of gain as a function of pumping current for Ga0.60In0.40As0.02Sb0.98  /AlGaAsSb. 
 
Table 7c. The values of maximum gain and pumping current for Ga0.46In0.54As0.48Sb0.52 /AlGaAsSb. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6c. Evolution of gain as a function of pumping current for  Ga0.46In0.54As0.48Sb0.52 /AlGaAsSb. 
  Jpom (A)                 Gain max 
                                     (cm-1) 
    31.042                      0.000 
    34.146                      433.1 
    37.250                      866.2 
    40.354                      1299 
    55.875                      3465 
    58.979                      3898 
    71.396                      4331 
    74.500                      6063 
    77.18                        6438 
    77.604                      6497 
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         Table 8. Summary Table of the values of the threshold current obtained. 
 
                 
 
 
 
 
 
 
We can see that the maximum gain increases as we increase the pumping current. This means that the 
gain of the material depends on the pumping current when the injection density exceeds the transparency 
threshold Ntransp. This is indicated by the following formula: ݊ ൌ ௃Ǥ ೟்೚೟௤Ǥௗ  . However, the carrier density n 
increases with the growth of the pumping current J or quasi-Fermi levels penetrate into bands and the 
gain curve is wide. Where Ttot is the total time, q is the electron charge and d is the thickness of the cavity. 
 
 
 
3.2.3. Comparison of three systems based double hetero-junction 
 
According to Table (9) we can notice that the double hetero-junction laser diodes are preferable to single 
heterojunction and this owing to the low threshold current and higher gain maximum results. The 
quaternary alloy is the optimum material because of the following performance: 
 
 a current density of about Jtransp = 55.027A/cm2. 
 a high gain G = 6438 cm-1 for  n = 1.25.1018 cm-3. 
 
Another parameter for the characterization of laser diodes called modal gain can be introduced, which is 
simply the product of the optical gain by the confinement factor Γ and will be analyzed in future work. 
 
Table 9.The values of maximum gain versus current pumping for different values of thickness. 
                
 
4. Conclusion 
 
The results correspond to the optimal values obtained after optimization by graphical method for each 
structure of the three types of structures. These results can be summarized in the table below: 
 
Table 10. Summary table of the minimum threshold current and maximum gain obtained in three materials. 
 
     Material             Ga0.65In0.35As0.15sb0.85        Ga0.60In0.40As0.02sb0.98         Ga0.46In0.54As0.48sb0.52 
                                For N1=1.25.1018 cm-3     for N1=1.25.1018 cm-3        for N1=1.25.1018 cm-3 
   Gain Max                        3483                                 3647                                    6438                                  
     ( cm-1) 
      Material              Ga0.65In0.35As0.15sb0.85          Ga0.60In0.40As0.02sb0.98           Ga0.46In0.54As0.48sb0.52 
                                  for  Jpom=84.09A/cm2           for  Jpom=82.32A/cm2          for  Jpom=77.18A/cm2 
                                          N1=1.25.1018 cm-3              N1=1.25.1018 cm-3           N1=1.25.1018 cm-3 
      Gain max                            3483                                    3647                                   6438  
         (cm-1) 
  Threshold current                   40.64                                   39.02                                  31.04 
         (A/cm2)  
Material                                                               Gain max                                  Minimum current 
                                                                                   (cm-1)                                            (A/cm
2)  
Ga0.65In0.35As0.15sb0.85       Hetero-junction                  380.1                                               173.3 
 
                                        Double-Hetero-junction     3483                                                84.09
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We note that the most important feature in any study is the remarkable quantitative difference found 
between the three analyzed  structures, that is to say, the Ga0,65In0, 35As0,15Sb0,85/Al0,35Ga0,65As0,03Sb0,97, 
Ga0,60In0,40As0,02, Sb0,98/Al0,35Ga0,65As0,03Sb0,97 and Ga0,46In0,54As0,48Sb0,52/ Al0,35Ga0,65As0,03Sb0,97 which 
means that the use of a laser based Ga0,46In0,54As0,48Sb0,52/ Al0,35Ga0,65As0,03Sb0,97 demonstrates several 
advantages from the point of view of high gain and threshold current density minimum. These values are 
obtained with specific conditions.  A more optimal structure could be obtained with a system which has a 
range of quaternary with higher wavelength compared to the systems seen before by changing the ratio of 
molarity (stoichiometry coefficients x, y), that is to change the gap, free carriers lifetime, etc. ... and 
consequently to lower the threshold current and increase the maximum gain and with other structures 
such as quantum wells, separate confinement quantum well and multiple wells. 
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Ga0.60In0.40As0.02sb0.98      Hetero-junction                 420.5                                             167.245 
                                         
                                        Double-Hetero-junction     3647                                                82.32 
 
Ga0.46In0.54As0.48sb0.52     Hetero-junction                   651.0                                              173.3 
 
                                       Double-Hetero-junction       6438                                               77.18 
 
